Atherosclerosis and cancer are the two leading causes of death in the industrialized world. A most unexpected manuscript in this issue of The Journal of Clinical Investigation makes the observation that inactivation of one growth regulatory gene, the type II TGF-␤ receptor (RII), may be a central lesion in the pathobiology of both diseases (1) . Indeed, both may be traced to an identical mutation in the RII gene.
The TGF-␤ s define a large superfamily of secreted ligands that play key roles in development and in growth regulation (2) (3) (4) (5) . In humans, these ligands include the TGF-␤ s proper, the activins, the inhibins, and the bone morphogenic proteins. All of these hormones share in common both a conserved spacing of seven cysteine residues and a dimeric structure that comprises the physiologically active mature ligands. The direct TGF-␤ family (referred to collectively as TGF-␤ ) is composed of TGF-␤ 1, 2, and 3, which are encoded from three separate genes (2) (3) (4) (5) . The TGF-␤ s are well known as potent inhibitors of cell growth, characteristically inducing cell growth arrest in the late G1 phase of the cell cycle (2) (3) (4) 6) . TGF-␤ s are particularly potent inhibitors of epithelial cell growth, both in vitro and in vivo (2-4, 7, 8) . Indeed, in some epithelial cell types TGF-␤ can induce a cascade of apoptotic cell death (9) . TGF-␤ also acts to suppress the immune system, to promote wound healing, and, in some studies, to suppress atherogenesis (2) (3) (4) .
At least a few of the biological activities of TGF-␤ are mediated via induction of gene transcription (2) (3) (4) (5) . For example, TGF-␤ growth inhibition in different cell types is accompanied by induction of transcription of the cyclin kinase inhibitors p21 and p15 (10, 11) . TGF-␤ also prominently induces expression of a variety of genes involved in cell matrix deposition and attachment, including collagen, integrins, and plasminogen activator inhibitor-1 (2) (3) (4) .
The TGF-␤ superfamily of ligands shares the trait of signaling through a related superfamily of cell surface receptors that are all serine-threonine kinases. TGF-␤ 1, 2, and 3 all bind specifically to a single common cell surface receptor complex composed of type I (RI) and type II (RII) subunits that are encoded from separate genes. TGF-␤ binds first to the RII subunit, which in turn assembles with and phosphorylates serine and threonine residues on the RI subunit (12) . The ensuing activation of the RI kinase is an obligate requirement for further cellular transduction of the TGF-␤ -mediated signal (12) .
Direct evidence for the role of the TGF-␤ growth suppressor pathway as a tumor suppressor pathway resulted from the finding of RII mutations in human colon cancer (13, 14) . In these tumors, somatic mutations were acquired in RII during the process of carcinogenesis, resulting in inactivation of both RII alleles (14) . Characteristically, these were frameshift mutations that encoded for a truncated RII protein lacking a kinase domain and, therefore, defective in signaling (14, 15) . In colon cancer cell lines, restoration by gene transfection of wild-type RII signaling abolished the ability of cells to form tumors in athymic mice (16) . Thus, RII behaves as a colon cancer tumor suppressor gene by both genetic and functional criteria.
RII mutations seen among colon cancers were almost all frameshift mutations clustered within a 10-bp polyadenine run that encodes a three codon lysine repeat (14) . Moreover, cancers with these mutations all proved to be tumors that also demonstrated a form of genomic instability known as microsatellite instability (or replication errors [RER]; 14) . In such tumors, defects in a DNA repair system (more properly, the DNA mismatch repair system), result in a marked susceptibility to frameshift mutations of repetitive DNA sequences, particularly within long noncoding DNA repeats known as microsatellites (17) (18) (19) (20) (21) . RII mutations were found in Ͼ 90% of such RER colon cancers (14, 15) .
Significantly, in rare tumors one of the RII alleles was found to be inactivated by mutation outside to the RII polyadenine repeat, demonstrating that inactivation of the gene is selected for, and therefore is not simply an epiphenomenon of the RER phenotype (15) . This point has been confirmed by subsequent reports of other RII point mutations outside of the polyadenine repeat that have inactivated the RII gene in lymphomas (22) and in head and neck tumors (23) . Thus, the general paradigm that emerges is that mutation of RII abrogates TGF-␤ negative regulation of cell growth, leading to cell proliferation and to neoplasia.
The findings by McCaffrey and colleagues (1) now extend this very same model to the process of atherogenesis and to restenosis of vessels after angioplasty. Specifically, these investigators report detecting frameshift mutations in the RII coding region polyadenine repeat in some samples of human atherosclerotic lesions and of human restenotic lesions that were acquired from both carotid and coronary arteries. Moreover, the authors also detect in one case an RII point mutation that alters the charge of the encoded residue.
These observations have multiple implications regarding the pathophysiology of atherogenesis. First, the detection of any gene mutation in these tissues establishes that in both atheromas and in restenotic vascular lesions a substantial percentage of the cells must be derived from an original mutant progenitor cell, and therefore comprise a monoclonal population. As such, both atheromas and restenotic lesions could be properly regarded as neoplasms.
Second, the finding of RII mutations in vascular lesions strongly suggests that, just as it functions as a tumor suppressor in the gut, TGF-␤ also functions as an atherogenesis suppressor in blood vessels. This model is functionally consistent with previous studies in animal models in which increased TGF-␤ levels appeared to be protective against atherogenesis (24) . Such a finding has obvious implications both for development of drugs or gene-based therapeutics that might protect vessels against atherogenesis or restenosis. Interestingly, a significant role for the TGF-␤ superfamily in the regulation of blood vessel formation has been suggested from the finding that individuals with hereditary hemorrhagic telangiectasia carry germ line mutations either in Alk-1, a member of the superfamily of receptors related to the TGF-␤ receptor, or in endoglin, an endothelial cell protein important in initial cellular binding of TGF-␤ (25, 26) .
Finally, the finding of mutations within the TGF-␤ coding region polyadenine repeat has interesting implications for the mechanism of RII mutation in atherogenesis. It will certainly be of interest to elucidate whether this observation is only the tip of the iceberg, and will be followed by finding in vascular lesions that mutations are common throughout RII, within RI, or in downstream components of TGF-␤ signaling, or whether these observations reflect a unique susceptibility of the RII polyadenine repeat to mutagenesis. If the latter, it will be important to determine whether there is a key environmental mutagen that induces these lesions, and hence initiates atherogenesis. The data of McCaffrey and colleagues (1) suggest that these vascular lesions do not betray the widespread instability of repetitive DNA sequences that is typical of tumors that arise via inactivation of DNA mismatch repair. Moreover, as mutation in the RII polyadenine tract has not been seen previously in any tumor cells in which DNA repair is proficient, it is most tempting to speculate on the possibility that an environmental cofactor contributes to those mutations that arise in blood vessels. Previous studies of p53 mutations in cancers support the idea that repetitive DNA tracts can be hot spots for de novo mutation in repair proficient cells, but have also left unanswered whether that is due to a propensity for polymerase errors within such sequences or to the activity of specific classes of mutagens (27) .
Given the potential implications of the findings of McCaffrey and colleagues (1), it is reasonable to consider those points at which confirmation of these exciting findings will be eagerly awaited. One concern known to all who work in this field is that repetitive DNA sequences are extraordinarily prone to errors arising during polymerase chain reaction (PCR) amplification, and that the likelihood of such errors is highest when the amounts of starting DNA are lowest. The authors of this report have been most cognizant of this problem, and have skillfully optimized their PCR-based assay to minimize the chance of being mislead by such error. Indeed, their verification that the mutations are present both in tissue samples and in cells cultured from the samples is most reassuring in this regard. However, the minimal amounts of DNA available from most of the samples available for study appears to have precluded the extensive repetitive assay of independent aliquots from a given sample that would provide the greatest protection against being mislead. Given the importance of these authors' observations, it is likely that attempts to repeat these studies will be soon initiated in other laboratories, and that, with luck, a number of vascular lesions large enough to provide sufficient amounts of DNA will be identified to put to rest any such concerns. Such samples will also be invaluable for studies of potential mutation in regions of RII outside the polyadenine tract.
Unfortunately, it remains unclear whether the nucleotide 790 mutation observed in this study is or is not involved in inactivating receptor function. Additionally, it will be of interest to determine in future samples whether any hint is seen of widespread microsatellite instability suggestive of an underlying DNA repair defect. The non-RII derived repetitive sequences examined by McCaffrey and colleagues (1) are eight bases in length and thus likely to be less sensitive for detection of the RER defect than are longer microsatellites such as BAT-26 or BAT-40 (15) .
One thing is certain: The findings of McCaffrey and colleagues will not go unnoticed. The previous findings of RII mutations in colon cancers provided a new link between defects in pathways mediating DNA repair and mutations in pathways that directly promote tumorigenesis.
The new finding that RII mutations occur in vascular lesions as well as in cancers now links the pathophysiology of two previously most dissimilar diseases. We can deeply hope that friendly competition between investigators in these two disparate disease camps will only speed the progress toward new therapies that may ameliorate both of these most common human afflictions.
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